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(54) THIN-RLM TRANSISTOR HAVING ORGANIC/INORGANIC MATERIAL AS 
SEMICONDUCTOR CHANNEL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an FET 
structure which uses an organic/inorganic by hybrid 
material as a semiconductor channel. 
SOLUTION: This FET structure uses an 
organic/inorganic hybrid material 32 as a semiconductor 
channel between a source electrode 34 and a drain 
electrode 36 in a device. The organic/inorganic material 
has advantages of an inorganic crystalline solid and an 
organic material. The inorganic element forms an 
extended inorganic one-dimensional, two-dimensional or 
three- dimensional network, and provides a high carrier 
mobility for an inorganic crystalline solid. The organic 
element promotes self assembly of these materials and 
permits adhesion of the materials under conditions of 
simple low- temperature treatment such as spin coating, 
dipping coating, thermal vapor- deposition, etc. In 
addition, the organic element is used to acjjust the 
electronic characteristics of inorganic skeleton, by 
defining the dimension of the inorganic element and the 
electronic bonding between inorganic units. 
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Arte k - yRttw m £ai t/ * ^ * *^jb t , 

<fc WWE? 1 * */uR £ OlHOttftiMMi t^ii-SM 

ttis «o± icbr * *tx me y-^m^ 

[»**3i miay- hR«a«y- hmt ltxror 

R£Jt, MEy-*«*u (WB^ir*A^JB*5j:Vl»EK 
u-v««E*««IE««ISI»JiJbfcE»**L*, S&JfcJgi 
KE«<&«#»* h7^** 0 20 

0 , ( i ) l»E«-»3ftJ«-#ai«»R* t 
»K*Olt*sj5^-«-C*>5i:^5 4*«Sr*U. ( i 
i ) '>4<itl V , ( i i 

i) *RR»RRJ:«Rft»HI*. SBTt^yt 
T^Wprt6*E^J»C-r-5Ci:<D"C$S^«r*-f-5, R# 
Jg 1 teERoRJMftjfc h 7 

^;7^^!)A • tf^v R3K9 5I^E 

7x^f^7y^^!>A^X-Cfc5 (PEA) 2 Snl4 

-Cfc*. R*«5fcE*©«JM»*h7V^**. 

[»*«9] j»E*w*o*«/j*«a*tt»*«. mm 

(WfifcfCBDASnh O frfk^/US^T^s 

[«*«10] RE«»R*h9^^^*«7Ud|F.^ 
mF7^^ 

[H*«l l] RE«JM»*h7>^^^7^^j/ 
**m©WR±te»j*3*!/Ci*S* R*H l fcER<0« 

Wh7^^. 50 



[RHaMPaMHI] 
[0 0 0 1] 

[0 0 0 2] 

[ft3fc<£>t£ffi] TFTfc LTtofcftS»Rh7>'v?** 

(fet) ^^<t<^^nrv> 

5FET(iMOSFET (MM^FET) T 

mT-?hZ> 0 MOSFETIi^CSiOz/z^Si 

&-^#<Di!fi<g^riSM I SFETtLTftl^TP 

M I S FETTfcio 
[0 0 0 3] affi, *»»^firtWTFTtt, 

£ e rwr^ • ->y =»y|i, Ms/11 ay«9i4 
tt»*, i-^*>*>*ffia[wi£fflffi|T«ffl$ix-5 h7^ 

T^u^r* * v'y =i>-tt, *OR«R*5—i o 1 cm 
2 /V sec"C, »ftV!)ay©»tS0 15 ( 0 0 

sfi&R-e*>6. 

[0 0 0 4] «5fi % TFTffl(DTO^6^M^i 
L-TW»¥#^a@$rmt/rv>ac Mfctf TThin-Uy 
er Field Effect Transistors With MIS Structure Who 
se Insulator and Semiconductor Are Made of Organic 

Materials] tit5^/-^7 (Gamier) <fe<D#II» 
^5 3 4 7 1 4 4#4r#«©rt ( 
/J^^ (small molecules) , fi«^-y =/^-*5 it^sK 

y-^— ) *R*»feo^tr> • a— ^-f >^*^iia 

«t ^fttJSAS J: 0 TFTtfljtfflco^m^ 
i^y av^ifiv^RR^^i-a^flRAottsiSr^W-c* 

[0 0 0 5] « % «*©7*;U7 r ^ • •> y 

>-) , *ER^-y^— (0»IAlin = 3 — 8Wn-^7 
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[0 0 0 6] /h»^4fcliIity^-(OWIIrt:, W 

[0 0 0 7] • a-^-f > 

»^TFT«fl5**(*tft*i--6TTIW*«rBil<**, -tJx 
/h#^/JMK*-!J ^--Ctt. 10 - 3 -10 1 cm 

2 /v secc$)^ if#yv-m io- B -i 

0- 2 cm 2 /V s e c Tfc£ 0 «*$4xTV^»ti« 
V*lttfi, 'O' S^<£>0. 7cm z /V s 
ec, *5<t t;-^^ WU- a - 1 ^ i/f 1 7 x ^ W»l 
<D0. 13cm 2 /V secTfc5 B *»*Oa-t 
^->^^-7ai^-e^J^$ixfc0. 3cm 2 /V sec 

MiS«7^7 7^ * *>y a 

6e 30 

[0008] ^«/««aut«m«« *awt»**i:« 
t &mm&#mm(oitti* m*-fev$> 

Zk\,^Wm&#L. (i i) 'M<tUo(O^I 
*ASa|iWflc-C*>9, (i i i) W««^SIfl t 

g sr -tr >^ y LTTOiratetteaifc-r a w t & 40 
[0009] *m/A*aj^f*0-Mtt, ^m/mm 

[0010] wOJ: 9 ft*«/i*««*«»«rf^*r« 



FttHtrjAft 3-£* e HH*«R*>, TSingle-Sou 
rce Thermal AblationMethod for Depositing Organic- 
Inorganic Hybrid FilmsJ t V N 5 ^^^O^SWI^tii^^ 
0 9/1 9 2 1 3 0f (1998^11^130 (±1JS) 
£ TTwo-StepDipping Technique for the Preparation 
of Organic- Inorganic Perovskite Thin FilmsJ £V^p 
**<0*H«fr*5 8 7 1 5 7 9-»tt, R CBB 

[001 1 ] 

tS&MF E T*»«MW £ z £ Tfc*. 

[0 0 12] #*6WO{t&0>Btort\ = h"CAPX-C# 
WIFE T«3»*r««i-* n fc T£>£„ 

[0 0 13] 

[0 0 14] 

[^^^HifetD^ffi] *3swii, »IRFETrt<o¥*# 

mmmmtwtt* r^^? - i/v =*>£*> m&ft\c 

iSTir^^y |^^4-i"6o ^fy-a-f-f^ it 



[0015] mhtt^mttmt tts«/i 

M^^rttS^F ETlriA^ 0 Bill, H<fc 

fi, ]I;&0 6^0XT~;^V:fc«fct^<L>0 l{@OB#^ 
^>tc,toTS«*n« (ftAttMfrlSI 1 8 &*ffiQ . A 10 

So 

[0016] ^P^^-f ho< 1 o o >$.ttn< 1 1 
ffiffi:® K & 5 # 2omo ttfw 

(IVtfeA) 05B»AJ»*5J:t/«r±«5c3R, X=^ny 
> (c k Brtfciii) , *5 < tVA = *a*/7y i e 

fctt*-y =*^*7* wj^o^wft-cjivv, ao 

[0 0 17] *««»S*t:fttii^By7*>f hft 

[0 0 18] 0 21*, TFT^<^^««rt^ft#$ix 
*X (PEA) 2 S n I a (DKtimm — 40 

(ooi) si*«rj-*saqeEi-6rfcf4, tmai 

[0019] ±ao«l/«i^B^#^ h4bw: 



2000-260999 

6 

left*. *T«fS#g 

^hs****-*-* zbizxv mm.7 

[0 0 2 0] *l»4TFT^<-f^j»»3 0 

(nmm&ZTft-to t f t 3 o ittm/fmmam&m 3 

*5£«l«»« 1 2*sy^tffi3 4 <b Ki/-yii3 6 

S i 02»Rfc*f£>« 
««M3 8Sr««JoT, («iIK-;/£;h,fcn+ + -> 

y = ^«ft^w) o^^oraciSi^tiSo 

[0 0 2 1 ] y — ^«fii3 4 KU— >««3 

[0 0 2 2] El 3 ttftffl«jft F E T«itOl£?lJ£7j*-r 
T«ifi(0^ix-pix<OK**r^L, [SI 3 t |SJ 
fli«r»a^3tT*fcJ?)^ttffi$n53Ky -f 5 K-^tfy # — 

^^jHT$fcii7t h y y/97-fiaoxs«± 

lcf+*-*-5. *o&, y-M6»ffSr, *ix^*t^«:» 

.to-cftsi-*. Gm/imiamm* &xxf 

[0 0 2 3] &m/mmt&&Lttn (PEA) 2 S n UX 

fttitZtitiT F T^wacoflUSLSEWS ttfc =i >y * ^ v 

^U^:^<^XTIi, fcf 5 000 AO S i 0 2 y- h 
8Mfcft±fc:#$J 1 0 0 AO (PEA) 2 Sn nSSrT-t h 

^$r, f$70//m,ffll 5 0 0 M m^Auf|i(Iio 
T®^U^ e Au s Pd, P t ^iftfc^BI^CO 

ftj ^--A»*SrJ^rti-* D (PEA) 2 Sn nil, ^ 

TfcSo ^Wflc^^jjc/u (i D ) 4>^tii$Q^^O 
y-h-'^T* (Vc) ^i:t/y-x- Ku-yfjE 

(vds) kmzmto'rznx, w(o:tM6T^c 
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(PEA) 2Snl4«rft> rft&T'lC#fe;ft^&&0> 
Wfe^tTFT© I ds t Vds (Dg^fe^o y h 

[ 0 0 2 4 J 0711 m»&)*m»tt'&b Lt7/^;u 

» B D A S n I 4 (3*ft^/U5?r>' j e 

-^^X) ) WtSTFTW I ds t Vds (Dm&Zy 

[0 0 2 5] 0. 06 — 0. 25cm 2 /V secW 

^*#Lfc#«i|M»*J:!>iBv\ cwJ:5ftJ;!?*v*M4 

nm * $ ttT v > ft v * d« , * -'t^ JR WMC I^BIi'Sftft 
"Ott, ^-OffHdSM 1 — 1 0 0 c m 2 /V sec 

[0 0 2 6] h^i££#t-£W^/*s&*l 
5 8 7 1 5 7 9fl:^$nfc*ft«:«ffit5: tds-C* 

[0 0 2 7] M&^Z&im LT, S n I 2 MIOK^» 
£tTo*: e Sn I 2 »5fcfc:ff5£eoffrtU:£AU ±i£ 
^rtl-©^. ^£#J4 X 1 0- 7 T o r r XjE^ilc 

a^fl»acJxfc»K±»t»»U WMi:»lxio-« 
Tor rOJE*«r»rtUfeo ftffi!»t-tt, r^^^lw 
tt#i£g$r 6 0-70 A/m i n OttBtcfi^ L*: 0 *o 
[0 0 2 8] «»lcJ:oT±EBt«rH»-*-Sfc«)lc, 5S 

»Lfc*iB«>iB, sn limmzmmvmmBtitr^ 

[0 0 2 9] H^f^ry^^A^XiSnl 
2BtSr*i\ ttffitfcl : 16 (1:16, v/v) CO 2 
- y d / V h yux y 1 1 7 0 mM U LI ^ 

U -twft K^VT?i-i-*«6V^, ^&^ft#te£.c?Bg so 



$r*#fc 0 £*Ui* 3 6 6 nmnm&m?-* ht>>b&&& 

■tire ir«*Mc«feo*€r« L*: 0 
[00 30] 3 ^fc^^^vur : S n 

l2Bt«r*i\ (ffcffltt; 

1:16) IdiSj^Lfc^a ?ft7x*^7y*=!> 

^^tfclLT, **#HM>t!Wi**e£4:teJ:!K a 
¥JH«r2BlttDiKU ^^^m#^ttfc®^r a ^{b^ * 

[0031] ft^WttKic J:or*«»/«*«««-»w 
fc LTttA^IBftJSttB^^^JzuejRfllA^Sfc^. 

*fcttW*3ft«*«M(c-cfceri-eij>e. ffc^Wttjt, « 
e*r»*r»»H"erfc*5-e*e. fi/«w^^ 

* > <D T F T * I i 7 <D T F T & f fttt a * <t ^ 

[0 0 3 2] *ii6tUr, *:«Ko«B8lcBBUTJmT 
[0033] (1) y-^i^iutKu-y^t, 

mriS Ku— >fig«(7>fW«r»t/e^+*yHi^, )WrK?--r 

(2) iOTey — «rtEf t ir*/Hi*5J:t/*JBEKU' 

ME^^*^Ji^±^K»*tbrmHay-^««j&»feHijr 
jf£>±icga$;£*Le. ±se (1) ic:rc<ftw«jsisb* h 7 

(3) mtiL#-bm&&tf-hmk ut**«)*bb±»c 

>««*«l!9ffi«*tt»S±^iaR$ixe, ±SH (1) K 

(4) rmiB*^*»«B^»3fts»^^/ut»a*s^ 
^v«^»s»&M«A^S9K^&«iA$tLe«r»-r«> 
9, (i) Kristtw^«-w««»s»t«-«awc^w5K 

©Jt**»ff-«-efcefcV^5»«*r#U (i i) ^>ft 

< i t> 1 oo«»***«*wflc-e*) d , ( i i i ) mm 
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(5) m&*mt*<n&m/mmm&ftmK 

(6) mJfa^^o^/^m^^^s T/u*a^ 

- ti^^y^Xs. ±f£ (5) IcfEffico 

(7) mis^««^*^«aiA^^3!>^7 & * 

f/U7^^!)A7XT'fc^ (PEA) 2 Sn htfc 

±8B (5) \z&WL<n^mzk b?>i?X? 0 

t**~9j> - xn-^ttt** -hie (5) tcis«tcom 

(9) l!ftSB^W«c<o*«/«l««J5K*r»ds . *m{**m 
HTBDASnh ( 3 ^ffc^/U^T = * A* 
X) -CfcS, ±ffi (8) l-SE«tO®ISL«im hyy^ 

(10) 1IJIB«»»*h9^^^*S7U#5/^W»» 
wS«±Krafifc3ix"t^6. ±12(1) lwgBtt^®|fL8b 

(11) mEfltlHftlfthT^^x^dS^T^^s/^ttfi. 

<75««±t^*$ix-cv^. ±ia (D-i^etto«jMa 

[(22] TFTW^iiSrtl^e^ . tV>-^ 
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(PEA) 2 Sn l4^Xj»Isl5f^^-^$r^-M2IT$> 

IB 3] ^Wf*^**/^ LT#*/*««j^»£r|& 
*&/u1*m 1 COT F T^if^»r®lgl-efo^ e 

[0 4 1 Wfr^ir^i: UT*«/««»fiW»«r« 
^i&Ay^f* 2 COT F T^it<7)igfffl2]-e£>6p 

[El 5] ttttN^«im»!:LT*«/jR«»^» 

(PEA) 2 S n I 4 £r*P*-5 TFTCD Ids <t Vds C0g§4^ 

(pea) 2 Sn nfc^ru :hi-ci:»t)iifc*6io 

^t^tTFTO) I DS Vds ^BBWSr^i-*' 7 

So 

J±'$^*> (-t-^^*>, BDASnl4 (3^^^^ 
$m&*Ti-£TFTGO I ds Vds coSl^^i"^ 7t' 

20 i o Gm/mmmimw 

1 2 BXcASft: 

2 0 

3 0 TFT^<^*flfi£ 
3 2 

3 4 y-^mfiE 

3 6 Ku-yiffi 

3 8 «««t»S 

4 0 MJffi 
4 2 
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(72)^^# ^y^h^'T^'f^ F^y^ 
* h 791 
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i/^is? yy*-y» K7-f^ 32 

(72)%^# 



110 

t 5 — tr^y h • tr— ■ ^ y ^ 

T> y^7^Hl05l4 — 3 — ^MtP 



